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1  Introduction 


AMSAA’s  DSWARS  model  is  a  ground  combat  simulation  written  to  implement  the  Ballistic 
Research  Laboratory’s  (BRL)  new  degraded  states  vulnerability  metrics.  The  new  metrics  replace 
the  standard  mobility  and  firepower  kill  values  derived  from  “averaging”  probabilities  and  percent  of 
functional  loss  (SDAL  Standard  Damage  Assessment  List)  values.  They  provide  probabilities  of  a 
system  being  in  a  specific  degraded  stale,  which  are  defined  by  a  series  of  fault-trees  or  deactivation 
diagrams  of  particular  system  components  which  are  non-operational.  The  new  metrics  allow  for 
many  degradations  of  intermediate  states  besides  the  current  “all  or  none”  functionality. 

DSWARS  also  permits  the  use  of  conventional  SDAL  vulnerability  as  input  as  well  as  the 
new  Degraded  States  (DS)  vulnerability,  it  was  written  in  C,  developed  on  a  Sl'N-4  Workstation, 
and  uses  dynamic  memory  allocation  to  handle  the  theoretically  possible  18  million  data  values 
per  vulnerability  file.  It  consists  of  about  15,000  lines  of  rode  and  150  routines.  DSW'ARS  uses 
decision  tables  to  determine  subsystem  transition  states  and  to  determine  weapon  system  tactics 
and  performance  changes  due  to  the  effect  of  the  state  t ran.sitions. 


1.1  Background 

In  1988,  the  Ballistic  Research  Lal'oratory  (BRL)  and  the  Army  Materiel  .Systems  Analysis  Ac¬ 
tivity  ( .\  .M  S .X  ,\ )  began  a  joint  program  to  develop  improved  metrics  for  expressing  the  results  of 
vulnerability  a.s.ses.snients,  and  to  implement  these  metrics  in  a  force  level  model.' 

Traditional  vulnerability  calculations  make  us»>  of  a  mapping  procedure  called  damage  assess¬ 
ment  lists  (DALs)  or  standard  damage  assessment  lists  (SDALs).  A  DAL  maps  killed  components 
and  sets  of  components  into  degradation  of  combat  utility  (D(T').  However,  the  use  of  DALs  in 
the  process  of  developing  vulnerability  mea.sures  of  effectiveness  is  conceptually  and  mathematically 
problematic.  -  ' 

The  Degraded  States  (DS)  methodology  overcomes  the  problems  a.s,soriated  with  the  DAL. 
and  provides  a  more  robust  account  of  vehicle  capability  as  a  function  of  specific  damage  sustained. 


2  Model  Development 

AMSAA's  Groundwars  ^  mode]  was  chosen  as  a  basis  for  the  level  of  modeling  desired  for  the 
development  of  DSWARS  1  he  (Iroundwars  h  vel  of  resolution  and  collection  of  critical  event.s  was 
used  during  the  initial  DSW.XRS  design  phase. 


'  J  Abell,  L.  Roarh.  ,V1.  Starks.  "nt.ratAUF.I)  ST.ATbS  Vt M.NF.H A BII.ITY  ANAl.YSIS.”  BRI.  TerhniraJ  Report 
BRI^TR -.aOiO,  June 

^J.R.  Rapp,  "An  Inveslij^ation  of  Alternative  Methods  for  Estimating  Armored  V'ehirle  Vulnerabilitv,"  BRE  Teeh- 
ni<  al  Report  BRIv-MFt  0  >i!!>tl.  Inly  lUK't. 

^M.W.  St&rks,  '‘NVw  rr>iindHtior>s  for  I^ink  Vulnerability  Analysis.”  TKe  Hmrrrdxngn  cj  the  I'enth  Annual  ,^yrn- 
P'l.iinm  on  Suri’ivahxUty  and  \  ulnrrnhiitfy  of  ihr  Ameriran  Dffen»e  Prrparednes^  fisnriatton  { A  f^PA  ),  held  at  the 
Naval  Orean  Systems  Center,  San  Oieno,  CA,  10-12  May  1988. 

Sthmidt.  Conist'Hk.  1,  .  ,1  .  J  Bums.  ‘‘CiUOl.INDWAnS  1(1  I’Sh.K’S  (UdOK.”  AMSAA 

TerhniraJ  Bepfirt  No.  ITS,  Ortohrr  1'1H8- 
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2.1  Groundwars 


Groundwars  is  an  outgrowth  of  TANKWARS,  a  model  originally  developed  by  BRL  It  was 
written  in  FORTRAN  77  and  has  been  modified  by  AMSAA  over  a  period  of  years  to  incorporate 
other  weapon  systems  besides  tanks,  and  to  include  the  modeling  of  new  critical  events  and  modified 
treatment  of  other  events  and  weapon  system  capabilities.  ®  Groundwars  is  a  Monte  Carlo,  two- 
sided,  event-sequenced  weapon  systems  effectiveness  model  which  provides  the  results  of  a  ground 
duel  between  two  homogeneous  forces. 


2.2  Groundwars  Vulnerability  Methodology 

Groundwars  models  weapon  system  vulnerability  based  on  three  different  kinds  of  expected-value 
“kills".  Mobility  (M),  Firepower  (F),  and  Catastrophic  (K).  BRL  provides  the  following  DAL-based 
vulnerability  metrics  as  input  to  Groundwars: 

•  M-Kill  (includes  M-only,  M-and-F,  and  K) 

•  F-Kill  (includes  F-only,  M-and-F,  and  K) 

•  M/F-Kill  (includes  M-only,  F-only,  M-and-F,  and  K) 

•  K-Kill  (includes  K-Kill  only) 

Before  the  combat  simulation  begins,  Groundwars  converts  these  metrics  into  the  following 
mutually  exclusive  measures: 

•  M-only  Kilt 

•  F-only  Kill 

•  M-and-F  Kill 

•  K-Kill 

•  No-Kill  ( I  minus  the  sum  of  all  kill  types) 

It  must  be  pointed  out  that  this  conversion  assumes  independence  for  the  BRL  calculations  which 
i."  pot  mathematically  correct,  but  illustrates  the  problems  inherent  with  the  DAL-based  metrics. 

The  five  Groundwars  kill  categories  are  added  to  form  a  cumulative  distribution  which  sums 
to  a  value  of  one.  To  as-sess  the  effect  of  a  hit  on  the  target,  a  uniform  (0,1)  random  number  is 
drawn  and  damage  is  assigned  to  the  target  according  to  the  kill  category  from  the  distribution. 


2.3  DSWARS 

1  he  Degraded  S/a/cs  Weapons  Analysts  Research  Stmulatton  (DSVVAR.S)  model  was  developed  as 
an  extension  c)f  Groundwars.  However,  it  was  designed  with  the  concept  of  the  degraded  states  and 
heterogeneous  forces  Since  the  kill  categories  of  (Groundwars  are  a  sub.set  of  the  degraded  states 


'’I'  Hiinn.  'TUK  SI'STAINF.t)  COMBAT  MODEL:  TANK  WARS  II,  An  Armored  Combat  Analysis  Program,” 
HRI,  IVchnicAl  H^'port  Dprember  1985. 

H  C  (»m«tock.  "AMSAA  Dik'I  MoHf*ling  Improvpmfnts.”  presmtcd  at  the  Army  Operations  Re«e<in.h  Sympo¬ 
sium  XXV'l,  Fl  [/er,  VA.  1  1 ,5  ()rtnhrr  1987. 
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which  were  defined  and  used  in  the  study,  DSWARS  can  also  accept  the  DAL-based  metrics  as  input 
and  so  can  be  run  in  a  Groundwars  “mode". 

A  concern  during  the  early  design  of  DSWARS  was  the  trade-off  between  establishing  a  robust 
set  of  degraded  states  metrics  and  the  computer  memory  needed  for  the  storage  of  the  set  of  degraded 
states  probabilities  for  the  range  of  conditions  needed  for  a  satisfactory  modeling  of  the  ground 
combat  conditions  for  a  game’s  scenario.  This  aspect  of  attempting  to  model  vulnerability  in  finer 
resolution  in  combat  simulation  models  has  been  a  concern  for  a  number  of  years. ^ 

The  typical  BRL  DAL-based  vulnerability  files  used  for  Groundwars  contain  the  probability 
values  for  each  combination  of  the  following  conditions: 


•  2  exposures  (fully  exposed  or  defilade) 

•  10  round  dispersion  values  (1  to  10  feet) 

•  7  view  angles  of  the  incoming  round  (0.  30,  ...,  180  degrees) 

•  6  ranges  of  engagement  (500,  1000,  ...,  3000  meters) 


Since  it  was  decided  that  DSWARS  would  u.se  75,600  different  degraded  states,  and  since  the 
model  would  need  a  set  of  DS  probabilities  for  each  combination  of  the  above  conditions,  we  can 
calculate: 

75,600  X  2  X  10  X  7  X  6  =  63,504,000 

values  per  file  or  array.  It  was  decided  to  cut  the  number  of  dispersions  to  five  (1,2, 3, 5  and  1C),  and 
the  view  angles  to  four  (0  to  90  degrees).  This  reduced  the  total  combinations  to  about  18  million 
values  per  array. 

Since  it  was  anticipated  that  not  all  possible  degraded  states  would  be  realized  in  practice  (i.e., 
improbable  combinations  of  damaged  components),  and  that  many  more  would  hopefully  be  near¬ 
zero  in  value,  it  was  decided  that  the  DSWARS  would  be  written  in  the  C  language  using  dynamic 
memory  allocation.^  This  would  minimize  the  necessary  computer  storage  during  runtime  by  only 
allocating  memory  for  the  states  as  needed.  In  anticipation  of  a  possible  large  growth  in  the  size  of 
the  new  model’s  event-processor  queue  due  to  more  live  (but  somewhat  damaged)  weapon  systems 
participating  in  the  battle,  the  Groundwars  hnked-ltst  event  queue  data  structure  was  replaced  with 
heaps  "  in  an  attempt  to  speed  up  the  model’s  search  and  deletion  of  events.  In  order  to  minimize 
the  complexity  of  conditional  code  needed  for  altering  weapon  performance  and  tactics  during  the 
game  due  to  changing  states,  decision  tables  were  used  to  track  state  transitions  and  state  effects 
in  terms  of  performance  and  tactics  changes.  The  model  was  developed  on  a  SUN-4/1 10  Workstation 
under  SunView/UNIX  using  dbitool  Currently,  DSWARS  consists  of  about  15,000  lines  of  code 
and  150  routines.  Many  new  output  measures  to  report  on  the  end-of-game  weapon  states  had  to 
be  developed  to  aid  in  the  analyses.  These  were  added  to  the  list  of  output  measures  incorporated 
from  the  Groundwars  model. 


^G.R.  Comstock,  “ExtenHing  the  Cascaflc  Approach  for  in  Combat  Simulation  MoHels,"  RARDE  WP  30/82 
(MA4),  Royal  Armament  Research  and  Development  Establishment,  U.K.,  March  1983. 

^N.  Roberts.  “Target  Degradation  Modes  in  Combat  Simulationn.”  RARDE  DWP  8/87  (CA4),  Royal  Armament 
Ftesearrh  and  Developmeiu  Kstablishc.  nt .  C  K  ..  .Inly  1987. 

"^B-W.Kernighan  and  D.M.  ftitt  hi'*,  I'iif  (  / Vj^rammin^  Language,  Bell  Laboratories.  Murray  Hill,  NJ,  1978. 
^®D.E.  Knuth,  The  Art  nj  Computer  Programming,  Volume  ,3:  Sorting  and  Searching.  1973. 

Horowitz  and  S.  Sahni,  Fundamentals  oj  C ompufrr  Algorithms,  1978. 

^■^R.  Welland.  Derisiori  fables  and  C’omputer  Programming,  19H1. 

Dbrlool  is  the  SunV’iew  windf>w-ba»ed  Hoiirre-level  debugger  f<»r  the  SLN  \Vt>rk.statlt>n. 


3  Degraded  States  Modeling 


3.1  Degraded  States 

The  tradition  ha-s  long  been  to  describe  vehicle  loss  of  function  in  terms  of  mobility  and  firepower. 
For  the  DS  approach,  the  functions  of  a  tank  were  divided  into  six  subsystems:  mobility,  firepower, 
acquisition,  crew,  communication,  and  ammunition.  Each  subsystem  was  further  divided  into  a 
number  of  degraded  subsystem  states  which  described  various  capabilities  of  the  tank  with  respect 
to  the  particular  subsystem.  Each  state  was  assigned  a  degraded  subsystem  state  name  (e.g.,  M2  is 
the  name  given  to  the  Mobility  Subsystem  State  which  is  defined  as  a  significant  reduction  of  speed). 
Each  subsystem  contains  a  “no  damage”  state  and  a  series  of  degraded  states.  In  most  subsystem 
categories,  combinations  of  states  can  occur.  For  example,  Fg  represents  a  combination  of  states 
f'7,  f's.  and  F4  a!!  occurring  simultaneously.  A  complete  list  of  the  subsystems  and  their  degraded 
states  is  shown  in  table  1.  The  list  was  developed  jointly  by  BRL  and  AM.SAA.  The  total  number 
of  combinations  possible  was  calculated  by  multiplying  the  number  of  degraded  states  within  each 
subsystem.  This  is  shown  at  the  bottom  of  table  1. 


Table  1:  LIST  OF  DEGRADED  STATES 


Si'BSY.sTEM  Mobility 

Subsystem  Firepower 

.V/q  No  mobility  damage 

Fo  '  No  firepower  damage 

Ml  -  Reduced  maximum  speed  (slight) 

F\  -  Loss  of  main  armament 

.Vfo  -  Reduced  maximum  speed  (significant) 

F2  -  Unable  to  fire  on  the  move 

M3  -  Stop  after  time  t 

F3  -  lncrea.sed  time  to  fire 

A/4  -  'Fotal  immobilization 

F4  -  Reduced  delivery  accuracy 

A/s  -  A/i  and  A/3 

F^  -  Loss  of  secondary  armament 

A/g  “  A/o  an<i  A/3 

Fe  -  F2  and  F3 

Si;bsystem  Crew 

F7  -  F2  and  F4 

t'n  -  0  crew  casualties 

Fs  “  F3  and  F4 

Cl  1  crew  ca.sualty 

F9  -  F2  and  F3  and  F4 

(.'0  -  2  crew  casualties 

F|o  -  F2  and  F5 

C3  .3  crew  ca.stialties 

Fii  -  F3  and  F5 

C4  -  -1  crew  casualties 

Fi2  -  F4  and  F5 

Subsystem  (  'o.mmunk  ai  ion 

Fi3  -  F2  and  F3  and  F4  and  F^ 

A'o  .No  communication  damage 

/i4  F2  and  F3  and  F5 

A’l  .No  internal  communication 

F\3  F2  and  F4  and  F5 

•XC  -  No  external  communication  >  .100  -eet 

Fifi  F3  and  F4  and  F5 

A'a  No  external  communication 

Fit  Fi  and  F5  (total  loss  of  firepower) 

A'4  A'l  and  A'2 

Subsystem  Ammunition 

A' 5  A'l  and  A'3 

A'o  No  ammo  lost 

Subsystem  Auqui  iTIOn 

A'l  Bustle  ammo  lost 

.-b)  .No  acquisition  damage 

A'2  Bull  ammo  lost 

.1]  Hediiced  acqiiisit ion  capability 

A'3  A'l  and  A'o 

.d^  1  rialde  to  acquire  wdiile  moving 

A'4  K  kill 

.da  .d]  and  .d-j 

Ncjf .■  f  h*-  ^  :ti  r  <'>f  is 

7  X  1 M  X  4  X  •'i  X  X  5  =  75  .  ^^00 


vs  h-  r'  a  >;iw  ti  state  indicates  a  <  hange  in  performance  level  (rather  than  a  complete  lo.ss  of  a 
jiarti -iilar  <  afiabdit y ),  the  magnitude  of  change  is  supplied  by  us<'r  input. 
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3.2  DS  Vulnerability  File  Format 

The  new  DS  Vulnerability  files  generated  by  BRL  consist  of  the  DS  probabilities  for  a  given 
projectile/target,  for  six  ranges,  two  target  exposure  levels,  five  round  dispersion  values,  and  four 
incoming  round  angles.  Table  2  shows  a  sample  file.  The  probabilities  correspond  to  degreided  states 
for  which  the  individual  subsystem  state  values  are  also  listed.  Degraded  states  are  only  listed  if  the 
DS  probability  under  any  of  the  four  view  angles  are  greater  than  zero  (or  near  zero).  Thus,  there 
are  usually  different  sets  of  degraded  states  collections  for  the  various  sets  of  condition  combinations. 
The  methodology  used  to  develop  the  probabilities  was  an  adapted  form  of  BRL’s  current  Monte 
Carlo  vulnerability  code  for  point  burst  modeling,  SQuASH  (Stochastic  Quantitative  Analysis  of 
System  Hierarchies)  developed  by  the  Vulnerability  Methodology  Branch  (VMB)  of  BRL. 


Table  2:  SAMPLE  DEGRADED  STATES  VULNERABILITY  FILE 


Range 

(meters) 

Exp 

Disp 

(Feet) 

Subsystem  Damage 

Probability  by  View  Angle  (deg) 

M  F  A  C  X  K 

0 

30 

60 

90 

F 

1 

0  0  0  0  0  0 

.286 

.294 

.328 

.290 

F 

1 

2  1  3  2  5  0 

.056 

.082 

.071 

.090 

500 

F 

1 

4  8  3  0  0  1 

.049 

,058 

.077 

.101 

500 

F 

. 

1 

2  1  3  0  5  0 

.044 

.052 

.069 

.922 

Notes  DS  Subsystem  Headings 

M  -  Mobility  F  -  Firepower 

A  -  Acquisition  C  -  Crew 

X  -  Communication  K  -  Ammunition 

Repeat  for 

dispersions  of  1 ,  2.  3,  5,  10  feet, 

target  exposure  of  F  (fully  exposed)  and  D  (defilade)^ 
firer/target  ranges  of  500.  1000,  ,  3000  meters 


3.3  Degraded  States  in  DSWARS 

DSWARS'  method  of  determining  target  damage  is  similar  to  the  Groundwars  treatment.  All 
degraded  slates  probabilities  (for  a  given  range,  target  exposure,  dispersion,  and  view  angle)  are 
added  to  form  a  cumulative  distribution  which  sums  to  a  value  of  one.  To  assess  the  effect  of  a  hit 
on  the  target,  a  uniform  (0,1)  random  number  is  drawn  and  a  prontsJonaf  degraded  state  is  assigned 
to  the  target  according  to  the  DS  drawn  from  the  distribution. 

A  tank’s  slate  at  any  time  is  described  by  its  values  in  each  subsystem  state  (mobility  (M), 
firepower  (F),  acq\iisition  (A),  crew  (C),  communication  (X),  and  ammunition  (K)),  For  example,  a 
tank  begins  a  battle  in  the  null  state: 

A/o  Fq  An  Co  -Vo  Kq. 


J.M.  AbfU,  M.t)  Biircipshaw.and  B.A  Rirktcr,  “DECBADED  STATE.S  VULNERABILITY  ANALYSIS:  PHASE 
n,"  BRI.,  TerhnicfiJ  Report  BRIy-TR-.3I61 ,  October  1990. 

’'^A.  Ozolins.  "Stochastic  High-Resolution  Vulnerability  Simulation  for  Live-Fire  Programs,”  The  procfedinga  of 
ihf  Tfnik  Annual  Symposiurn  on  Surryvability  and  Vuinerabilxty  of  tke  American  Defense  Preparedness  Association 
(ADPA  ),  held  at  the  Naval  Ocean  Systems  Center,  San  Diego,  CA,  I0-12  May  1988. 

Deitz  and  A  Ozolins,  "Computer  Simulations  of  the  Abrams  Live-Fire  Field  Testing,”  presented  at  the  Army 
f)peraiions  Research  ‘Symposium  XXVTI,  Ft.  I.rf'e,  VA.  12-13  October  1988. 

'^P.M.  Deitz  and  A.'Ozolins,  "MICH-RKSOLUTION  VULNFRABILITY  MKTHODS  AND  APPLICATIONS," 
BfiL  memorandum  Report  BRl^MR-.'1876,  November  1990. 


Here  each  subsystem  state  is  set  to  0  indicating  no  damage.  Later  in  the  battle,  after  receiving 
one  or  more  hits,  the  tank  may  reach  the  following  state; 

Ml  F2  Aq  Cl  ho- 

At  this  point,  the  tank’s  maximum  speed  capability  is  slightly  reduced  (Mi),  it  is  unable  to  fire 
on  the  move  (F2),  it  has  suffered  one  crew  casualty  (Ci),  and  it  has  lost  the  capability  of  external 
communication  (A'3). 

When  assessing  subsequent  shot  damage  to  a  target,  each  subsystem  value  of  the  provisional 
DS  as  drawn  from  the  distribution  is  compared  to  its  previous  value.  Four  types  of  situations  may 
occur  as  follows: 

•  If  the  new  subsystem  value  represents  a  more  severe  degradation  of  a  particular  capability  or 
capabilities,  the  new  subsystem  value  is  assigned  the  drawn  value. 

•  If  the  new  subsystem  value  represents  a  less  severe  degradation  of  a  particular  capability  or 
capabilities,  the  new  subsystem  value  is  assigned  the  prevtous  value. 

•  If  the  new  subsystem  value  indicates  a  damage  category  which  is  different  in  type  to  the  previous 
value’s  damage  category,  then  the  new  subsystem  value  is  assigned  a  value  which  represents 
the  combination  of  the  two  subsystem  types. 

•  If  the  new  subsystem  value  indicates  a  different  combination  of  damage  categories  compared 
to  the  previous  value’s  categories,  then  the  new  subsystem  value  is  assigned  a  value  which 
represents  the  more  severe  combination  of  the  two  subsystem  types. 

For  example,  suppose  a  tank  has  the  following  degraded  state: 

Ml  Fe  Ao  Co  Ao  ho- 

Next,  suppose  the  target  receives  a  hit,  and  a  random  number  indicates  the  provisional  DS  state  is: 

M2  F2  Aq  Co  A'o  ho. 

A  comparison  of  subsystem  Mobility  indicates  a  more  severe  degradation  of  capability  of  vehicle 
speed,  so  the  new  M  value  becomes  Af2.  However,  a  comparison  of  the  subsystem  Firepower  values 
indicates  a  less  severe  combination  of  firepower  damage,  so  the  new  F  value  remains  Fe-  The  target’s 
new  degraded  state  is  thus; 

A/2  Fe  .'lo  Co  ho  ho 

3.4  DSWARS  Tactics  and  Performance  Changes  for  Specific  Degraded 
States 

W’hen  a  weapon  system  chHng<>s  to  a  new  degraded  state,  not  only  must  its  new  capabilities  in 
terms  of  performance  be  reflected,  but  also  the  ramifications  of  its  new  restricted  operation  in  terms 
of  tactics.  The  following  perfortnance  and  tactics  changes  were  programmed  to  reflect  the  listed 
degraded  states: 

•  SUBSYSTEM  MOBILITY(input  attacker  speed  =  .5.56  mps) 
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Ml  :  Reduced  spc^d  (slight) 

-  degrade  maximum  speed  to  80  percent  (4.44  mps) 

-  stretch  los  (line-of-sight)  times  already  scheduled 
M2  ■  Reduced  speed  (significant) 

-  degrade  maximum  speed  to  30  percent  (1.67  mps) 

-  stretch  los  (line-of-sight)  times  already  scheduled 

-  if  can  still  move  and  fire, 

cancel  any  current  engagements 
cancel  any  already  scheduled  detections 
schedule  overwatch 
M3  :  Stop  after  time  t 

-  not  played  for  this  study 
M4  :  Total  immobilization 

-  cancel  future  los  changes  for  this  unit 

-  if  unit  cannot  fire,  consider  dead,  redirect  attackers 

•  SUBSYSTEM  FIREPOWER 

F I  :  Loss  of  main  armament 

-  cancel  any  engagements  and  future  detections 

-  cancel  all  future  detections,  engagements  of  this  tgt  by  enemy  units 

-  schedule  new  search  for  each  enemy  unit  that  was  engaging  this  tgt 

-  if  can  move,  schedule  hide 

-  if  can’t  move,  consider  dead,  redirect  attackers 
F2  :  Unable  to  fire  on  the  move 

-  change  to  halt-to-fire 
F3  ;  Increased  time  to  fire 

-  add  10  secs  (input)  to  first  and  subsequent  fire  times 
F4  ;  Reduced  delivery  accuracy 

-  degrade  delivery  accuracy  (change  from  GPS/LR  to  GAS/noLR) 

•  SUBSYSTEM  ACQUISITION 

Ai  :  Reduced  acquisition  capability 

-  degrade  p-infinity,  t-bar,  p-pinpoint  (change  from  either  OPT  or  TIS  to  binoculars) 

-  cancel  any  current  engagements 

-  cancel  any  already  scheduled  detections 
A2  ■  Unable  to  acquire  while  moving 

cancel  any  current  engagements 
cancel  any  already  scheduled  detections 
schedule  overwatch 

•  SUBSYSTEM  CREW 

C\  :  1  crew  casualty 

immediate  delay  effect  (input  120  secs); 
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cancel  any  current  engagements 
cancel  any  already  scheduled  detections 
schedule  new  search  after  delay  time 

-  degrade  existing  max  speed  to  85  percent  and 

-  stretch  los  (line-of-sight)  times  already  scheduled 
C2  '■  2  crew  casualties 

-  immediate  delay  effect  (input  120  secs): 

cancel  any  current  engagements 
cancel  any  already  scheduled  detections 
schedule  new  search  after  delay  time 

-  multiply  attacker  fire  times  by  3  (first  and  subsequent  rounds) 

-  degrade  existing  max  speed  to  75  percent  and 

-  stretch  los  (line-of-sight)  times  already  scheduled 

-  change  tactic  to  disengage  target  after  each  round,  and  require  re-acquisition  before 
new  engagement 

C3  :  3  crew  casualties 

-  immediate  delay  effect  (input  120  secs): 

cancel  any  current  engagements 
cancel  any  already  scheduled  detections 

-  degrade  existing  max  speed  to  70  percent  and 

-  stretch  los  (line-of-sight)  times  already  scheduled 

-  if  can  move,  schedule  hide  after  the  delay;  else  abandon  vehicle 
C4  :  4  crew  casualties 

-  consider  dead,  redirect  attackers 

•  SUBSYSTEM  COMMUNICATION 

Xi  :  No  internal  communication 

degrade  time  to  fire  first  round  by  adding  10  secs  (input) 

-  degrade  time  to  hide  by  10  secs  (input) 

•  SUBSYSTEM  AMMUNITION 

A'l  :  Bustle  ammo  lost 

-  multiply  original  fire  times  by  2  (first  and  subsequent  rounds) 

-  if  no  ammo  left  and  can  move,  schedule  hide 
A'2  :  Hull  ammo  lost 

-  if  no  ammo  left  and  can  move,  schedule  hide 
K3  :  Bustle  and  Hull  ammo  lost 

-  if  can  move,  schedule  hide 

A'4  :  K-kill 

consider  dead,  redirect  attackers 


8 


3.5  DSWARS  Degraded  States  Transition  Tables 


Given  a  unit’s  (weapon  system’s)  current  subftate  (subsystem  state  value;,  and  given  the  provisional 
or  drawn  degraded  substate  determined  by  random  number  and  sampled  from  the  DS  Vulnerability 
File,  the  DS  Subsystem  Transition  Table  describes  the  resulting  degraded  subsystem  state.  Thus, 
we  ran  describe  the  function 

New  Snbstaie  —  F(Current  Substate,  Drawn  Substate) 

Table  3  shows  the  Transition  Table  for  Subsystem  Mobility. 


Table  3:  SUBSYSTEM  TRANSITION  TABLE  FOR  MOBILITY 


Drawn 
Sub State 
Value 

Current 

SubState 

Mo 

lA/i 

a/2 

Mo 

A/4 

Me 

Me 

Mo 

0 

1 

2 

3 

4 

5 

6 

Ml 

1 

■■ 

2 

5 

4 

6 

6 

A/2 

2 

H 

2 

6 

4 

6 

6 

3 

H 

6 

3 

4 

6 

6 

4 

n 

4 

4 

4 

4 

4 

5 

6 

5 

4 

5 

6 

6 

D 

6 

6 

4 

6 

6 

As  an  example,  if  a  unit’s  current  Mobility  Substate  is  A/3,  and  a  random  number  draw  gives 
a  provisional  substate  value  of  A/i,  we  access  the  Mobility  Transition  Table  to  find  that 

New  Mobility  Substate  =  F(  A/3,  A/2)  =  Me 


3.6  DSWARS  State-Effect  Tables 

The  DSWARS  State-Effect  Tables  determine  what  tactics  and  performance  changes  are  needed  fol¬ 
lowing  a  hit  and  drawn  degraded  state  for  a  unit.  The  State-Effect  tables  are  accessed  to  find 
the  corresponding  effect-flag  differences  between  the  unit’s  old  and  new  degraded  states.  Each 
state-effect  flag  signifies  a  particular  set  of  performance  and  tactics  changes.  Whether  a  tactic  or 
performance  change  is  needed  is  determined  by  comparing  the  set  of  state-effect  flags  for  both  the 
previous  and  new  substate  values.  Whether  a  state  effect  is  set  is  a  function  of  both  the  previous 
substate  value  and  the  flag-type  within  the  subsystem  class.  Thus,  we  have 

State  Effect  =  F(Old  Substate,  Flag  Type) 

Table  4  shows  the  State-Effect  Table  for  Subsystem  Mobility.  Table  b  shows  the  Subsystem  Mobility 
flag-types. 

Only  when  a  state  efferf  ha.-,  n-it  !  •  n  ‘:<'t  previously,  but  the  State- Fiiffert  function  indicates  it 
must  be  .set  for  the  new  substate  value,  do  tactics  and  performance  changes  take  place. 

For  example,  suppose  a  unit’s  previous  .Mobility  Stibstale  was  A/3,  and  the  unit's  new  Mobility 
Substate  value  after  accessing  the  .State  Transition  Table  is  A/g.  Each  flag-type  must  be  checked  in 
conjunction  with  both  the  previous  substate  value  (A/3)  and  the  new  substate  value  (A/e).  Since 
there  are  four  flag-types  for  Subsystem  Mobility,  we  find  that: 
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F(M3,mi)  =  FALSE 
F(M3,f7i2)  =  FALSE 
F(M3,m3)  =  TRUE 
FlM3,m^)  =  FALSE 


and  F{M6,mi)=  FALSE 
and  F{Me,m2)  =  TRU  E 
and  F{M6,m3)  =  TRUE 
and  F{M6,m4)  =  FALSE. 


Only  for  flag  m2  do  we  have  the  (FALSE,  TRUE)  combination  to  signify  that  the  tactics  and 
performance  changes  for  flag  m2  take  place. 


Table  4:  MOBILITY  STATE-EFFECT  TABLE 


Current  SubState 

Flag 

Mo 

Ml 

M2 

M3 

M4 

Ms 

Me 

mi 

0 

1 

0 

0 

0 

1 

0 

1712 

0 

0 

1 

0 

0 

0 

1 

m3 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

Note  1  =  TRUE  and  0  =  FALSE 


Table  5:  MOBILITY  FLAG-TYPES 


Flags 

Mobility  SubState 

mi 

m2 

m3 

m4 

mi,  m3 

m2 ,  m3 

Mo  -  No  Damage 

Ml  -  Slight  speed  reduction 

M2  -  Significant  speed  reduction 
M3  -  Stop  after  time  t 

M4  -  Total  Immobilization 

Ms  -  Ml  and  M3 

Me  -  M2  and  M3 

4  DSWARS  Cases 

4.1  DS  Input  Files  Used  for  the  Study 

The  BRL  generated  Degraded  States  vulnerability  files  for  a  series  of  cases  executed  by  AMSAA 
using  DSWARS  to  address  the  differences  between  the  current  SDAL-based  vulnerability  values,  and 
the  new  degraded  states  representation.  These  results  will  aid  in  a  decision  on  wider  application  of 
the  new  DS  metrics.  The  input  files  represent: 

•  a  penetrating  projectile  vs  modern  tank  frontal  armor  designated  as  P. 

•  a  non-penetrating  projectile  vs  modern  tank  frontal  armor  designated  as  N. 


4.2  DSWARS/Groundwars  Comparison 

Before  using  DSWAR.S  in  the  study,  a  comparison  between  DSWARS  and  Groundwars  was  under¬ 
taken  in  an  attempt  to  verify  that  the  new  DSWARS  code  is  an  accurate  representation  of  the 


10 


corresponding  Groundwars  code  when  DSWARS  is  run  in  the  Groundwars  mode.  Although  some 
Groundwars  methodology  was  transferred  to  DSWAR5  with  only  a  change  in  code  (FORTRAN  to 
C),  some  entirely  new  algorithms  were  used  as  well. 


A  set  of  eight  cases  were  run  with  each  model  using  identical  input  (SDAL  vulnerability  met¬ 
rics).  DSWARS  was  run  in  the  Groundwars  mode.  The  cases  consisted  of  the  four  attacker/defender 
round  combinations  for  visibility  conditions  of  both  3  km  and  7  km.  The  scenario  portrayed  9  attack¬ 
ers  vs  3  defenders.  Figure  1  shows  the  results  in  terms  of  loss  exchange  ratio  (bars),  and  individual 
losses  for  each  side  listed  numerically.  A  loss  is  defined  as  a  tank  which  is  firepower  killed  (or  worse). 
Results  showed  very  good  agreement  indicating  that  the  representation  of  the  Groundwars  combat 
methodology  in  DSWARS  was  successful. 

4.3  DSWARS  DS/SDAL  Comparison 

Cases  were  then  executed  using  DSWARS  with  vulnerability  data  in  both  Degraded  States  form, 
and  SDAL  form,  for  a  scenario  consisting  of  9  attacking  tanks  vs  3  defending  tanks.  Table  6  shows 
the  base  case  matrix.  The  Aggregate  vulnerability  input  is  explained  in  section  12. 


Table  6  DSWARS  BASE  CASE  MATRIX 


Case 

Vulnerability 

Input 

Attacker 

Round 

Defender 

Round 

Visibility 

1 

P 

P 

P 

N 

SDAL 

P 

3  km 

H 

SDAL 

N 

3  km 

Degraded  States 

P 

P 

Degraded  States 

P 

N 

Degraded  States 

N 

P 

3  km 

8 

Degraded  States 

N 

N 

3  km 

9 

Aggregate 

p 

P 

10 

Aggregate 

P 

N 

11 

Aggregate 

N 

P 

3  km 

12 

Aggregate 

N 

N 

3  km 

13 

SDAL 

14 

SDAL 

15 

SDAL 

16 

SDAL 

BHD9IH 

17 

Degraded  States 

p 

p 

7  km 

18 

Degraded  States 

p 

N 

7  km 

19 

Degraded  States 

N 

P 

7  km 

20 

Degraded  States 

N 

N 

7  km 

21 

Aggregate 

P 

P 

7  km 

22 

Aggregate 

P 

N 

7  km 

23 

Aggregate 

N 

I* 

7  km 

24 

Aggregate 

.\ 

N 

7  km 

•  Complete  rirepower  losses 

•  Partial  firepower  losses 

•  Complete  mobility  losses 

•  Partial  mobility  losses 

•  Any  firepower  losst^s  (complete  plus  partial) 

•  Any  mobility  losses  (complete  plus  partial) 

•  Complete  Firepower  Exchange  Ratio,  CFXR  (ratio  of  attacker  to  defender  complete  firepower 
losses) 

•  Any  Firepower  Exchange  Ratio,  AFXR  (ratio  of  attacker  to  defender  any-firepower  losses) 

•  Average  number  of  detections,  shots,  and  hits. 

Sample  DSW'ARS  output  from  one  set  of  cases  is  shown  in  table  7.  End  of  game  results  are 
shown  for  both  the  DS  and  SDAL  cases  run  for  9  attackers  firing  round  N  vs  3  defenders  firing 
round  N.  Attacker/defender  opening  range  was  4000  meters.  The  game  was  stopped  when  the  first 
attacker  closed  to  within  500  meters  of  any  defender.  In  the  table,  losses  are  broken  down  by  attacker 
and  defender  for  various  degraded  substates.  Additional  detail  of  battle  damage  available  from  the 
Degraded  States  methodology  can  be  seen. 


4.4  Results 

Figures  2  and  3  show  exchange  ratios  (both  AFXR  and  CFXR)  and  complete  and  partial  firepower 
and  mobility  losses  for  various  pairs  of  cases.  In  general,  DSWARS  results  indicate  that  for  tank 
versus  tank,  DS  XR  and  SDAL  XR  differences  are  not  practically  significant.  Although  attacker  and 
defender  losses  show  some  differences,  they  appear  to  be  close  enough  in  magnitude  not  to  change 
the  apparent  winner  or  laser  of  a  DSWARS  battle.  As  expected,  DS  cases  showed  a  decrease  in 
complete  losses,  but  the  additional  DS  partial  losses  usually  brought  the  DS  total  losses  to  more 
than  the  corresponding  total  SDAL  losses.  Table  8  shows  the  range  of  percent  increase  or  decre^»se 
in  various  output  measures  when  comparing  SDAL  to  DS  case  results. 

In  an  attempt  to  provide  the  conventional  form  of  vulnerability  metrics  (SDAL)  to  the  army 
community  that  users  may  still  desire,  whether  for  direct  analysis  or  as  input  to  higher  level  models, 
BRL  has  combined  classes  of  the  degraded  states  into  another  form,  called  Aggregated  DS  probabil¬ 
ities.  These  probabilities  are  defined  in  table  9.  In  an  attempt  to  determine  how  these  Aggregated 
DS  probabilities  compare  to  the  a'-tual  SDAL  values  when  used  in  a  force  level  model,  DSWARS 
cases  were  also  executed  using  the  Aggregated  DS  probabilities. 

Figures  4  and  5  show  exchange  ratios,  and  complete  and  partial  losses  for  the  Aggregate  cases 
along  with  the  corresponding  DS  and  SDAL  cases.  DSWARS  results  indicate  that  DS-Aggregated 
XRs  also  are  not  practically  different  from  SDAL  or  DS  XRs.  However,  complete  DS- Aggregate 
losses  are  closer  in  value  to  the  SDAL  complete  losses  than  to  the  DS  complete  losses. 


4.5  Conclusions 

Ha.se(|  on  results  seen  from  the  series  of  DSW'AR.S  ca-ses  run  to  date,  several  conclusions  can  be 
drawn ; 
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Table  7:  DSWARS  DS/SDAL  Case  Results  Comparison:  9  N  vs  3  N,  7km  Visibility 


State  at  End  of  Battle 

Defender 

Attacker  | 

Ds 

Sdal 

Ds 

Sdal 

Mx 

Slight  speed  reduction 

.22 

Ml 

Significant  speed  reduction 

1.23 

M4 

Full  mobility  loss 

.96 

3.30 

5.40 

Hi 

Main  gun  loss 

1.26 

4.11 

la 

Increased  time  to  fire  and 

reduced  delivery  accuracy 

.09 

F9 

No  moving  fire,  increased 

time  to  fire,  reduced 

delivery  accuracy 

.34 

1.63 

Fxi 

Loss  of  main,  2nd  guns 

.16 

1.98 

.20 

5.36 

Bl 

Reduced  acquisition 

.27 

MM 

II 

No  acquire  on  the  move 

.16 

H 

Full  acquisition  loss 

1.21 

5.51 

19 

Bustle  ammo  loss 

m 

Catastrophic  Kill 

IQI 

.15 

■1 

.29 

Cx 

Loss  of  1  crew 

.35 

2.00 

C2 

Loss  of  2  crew 

.35 

1.06 

C3 

Loss  of  3  crew 

.34 

.87 

c. 

Loss  of  4  crew 

.16 

.20 

IBM 

No  external  communication 

.02 

.02 

mm 

No  internal  nor  external 

m 

communication 

.90 

2.67 

No  Damage 

.91 

1.00 

1.57 

2.28 

Avg  number  of  crew  casualties 

2.70 

7.55 

Detections 

Hm 

24 

16 

13 

Shots 

■9 

33 

51 

45 

Hits 

26 

21 

12 

10 

Table  8:  Percent  Change  When  Comparing  SDAL  to  DS  Case  Results 


Measure 

Percent  Increase/Decrease 

Complete  Firepower  Losses 
Complete  Mobility  Losses 

—40  (max  difference) 

-70  (max  difference) 

Any  Firepower  Losses 

Any  Mobility  L<.is.s/»s 

+25  (max  difference) 

+70  (max  difference) 

CFXR 

— 15  to  +45 

AFXR 

—  7  to  4  33 

Detections,  Shots,  Hits 

+25  (average) 

Table  9:  Aggregated  DS  Definitions 


DS  Damage 

M 

Any  M  or  C  or  X  or  K 

F 

Any  F  or  C  or  X  or  K  or  A 

M/F 

Any  M  or  F  or  C  or  X  or  K  or  A 

K 

K4 

•  Degraded  States  end-of-game  results  provide  a  fuller  and  more  detailed  picture  of  combat 
damage  assessment. 

•  For  tank-vs-tank  cases,  these  results  suggest  that,  historically,  the  past  use  of  SDAL  vulner¬ 
ability  metrics  as  though  they  were  complete  loss  of  function  in  force-level  models  has  given 
numerically  acceptable  results. 

•  For  tank-vs-tank  cases,  results  indicate  that  DS-Aggregated  probabilities  can  be  used  as  an 
alternative  to,  or  mixed  and  matched  with,  SDAL  metrics. 

•  AMSAA  sees  no  need  for  changing  higher  resolution  force  effectiveness  models  at  this  time. 


5  Follow-on  Efforts 


The  Ballistic  Research  Laboratory  is  continuing  towards  a  full  implementation  of  DS  metrics  with 
their  Phase  III  and  Phase  IV  programs.  BRL  Phase  III  will  continue  DS  kill  definition  developments 
for  both  RED  and  BLUE  heavy  armor,  IFVs,  artillery,  and  helicopters,  and  will  determine  the  best 
configuration  for  Vulnerability/Lethality  codes  to  permit  quick-turnaround  DS  estimates.  Phase  IV 
will  depend  on  specific  outcomes  from  their  Phase  III  work, 

AMSAA  will  continue  to  analyze  DSWARS  results  to  characterize  differences  (e.g.,  losses 
as  a  fuiiCtion  of  time,  percentage  of  partially  damaged  tanks  that  fire  another  shot,  end  game 
criteria,  additional  statistical  measures  and  testing,  force  ratio  size  sensitivity).  Additional  sensitivity 
analy.ses  are  planned  to  address  DSWARS  tactics,  decision  rules,  and  inputs.  Other  plans  include  the 
addition  of  missile  code  logic  to  DSWARS,  a  full  heterogeneous  force  implementation,  investigation  of 
subsequent  battle  capability,  and  investigation  of  other  anti-tank  weapons  in  DSWARS  as  BRL  files 
become  available  (e  g.,  ATOM,  RPG,  HE  FRAG).  A  subsequent  report  is  planned  to  be  published 
which  will  list  in  detail  all  of  the  DSWARS  output  results  by  case,  game  results  by  time,  and 
statistical  testing  of  the  DSWARS  output. 
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Figure  1.  Groundwars/DSWARS  Comparison 
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ATTN:  AMCTD-PT  (Alan  Elkins) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333-0001 

2  Commander 

U.S.  Army  Laboratory  Command 
ATTN;  AMSLC-CT  (K.  Zastrow) 
AMSLC-CG 

2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 
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1 


1 


1 


1 


I 


3 


No.  of 

Organization  Copies  Organization 


Commander  1 

U.S.  Army  Laboratory  Command 
ATTN:  AMSLC-LO  (LTC  P.  Fardink) 
2800  Powder  Mill  Road 
Adel  phi,  MO  20783-1145 

Commander 

U.S.  Army  Laboratory  Command  1 

ATTN:  AMSLC-TP  (J.  Predham, 

D.  Smith) 

2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 

1 

Commander 

U.S.  Army  Laboratory  Command 
ATTN:  SLCTO  (Marcos  Sola) 

2800  Powder  Mill  Road 

Adelphi,  MD  20783-1145  1 

Commandant 

U.S.  Army  Logistics  Management 
College 

ATTN:  AMXMC-LS-S  (CPT(P)  Stephen  1 
Parker) 

Fort  Lee,  VA  23801 
Commander 

U.S.  Army  Materiels  Technology  1 

Laboratory 
ATTN:  SLCMT-ATL 
Watertown,  MA  02172-0001 

Di rector 

U.S.  Army  Research  Office  1 

ATTN:  SLCRO-MA  (Dr.  J.  Chandra, 

Dr.  K.  Clark,  Dr.  Wu) 

PO  Box  12211 

Research  Triangle  Park,  NC 
27709-2211 

2 

Director 

U.S.  Army  Survivability  Management 
Office 

ATTN:  SLCSM-C31  (H.  J.  Davis) 

2800  Powder  Mill  Road 
Adelphi,  MD  20783 


Director 

U.S.  Army  Survivability  Management 
Office 

ATTN:  SLCSM-D  (COL  H.  Head) 

2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 

Commander 
U.S.  Army,  ARDEC 

ATTN:  SMCAR-CCH-V  (Paul  H.  Gemmill) 
Picatinny  Arsenal ,  NJ  07806-5000 

Commander 

U.S.  Army,  ARDEC 

ATTN:  SMCAR-FSS-E  (Jack  Brooks) 

Picatinny  Arsenal ,  NJ  07806-5000 

U.S.  Army,  ARDEC 

ATTN:  SMCAR-D  (Jim  Killen) 

Picatinny  Arstnal ,  NJ  07806-5000 

Commander 

U.S.  Army,  ARDEC 

ATTN:  SMCAR-TDS  (Vic  Lindner) 

Picatinny  Arsenal,  NJ  07806-5000 

Commander 

U.S.  Army  Aviation  Systems  Command 
ATTN:  AMSAV-ES 
4300  Goodfellow  Blvd 
St.  Luuis,  MO  63120-1798 

Commander 

U.S.  Army  Aviation  Systems  Command 
ATTN:  AMSAV-GT  (R.  Lewis) 

4300  Goodfellow  Blvd 
St.  Louis,  MO  63120-1798 

Commander 

U.S.  Army  Aviation  Systems  Command 
ATTN:  AMSAV-NC  (H.  Law,  S.  Meyer) 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120-1798 
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Organization 

1  Commander 

Belvoir  Research,  Development 
and  Engineering  Center 
ATTN:  STRBE-FC  (Ash  Patil) 

Fort  Belvoir,  VA  22060-5606 

1  Commander 

Belvoir  Research,  Development  1 
and  Engineering  Center 
ATTN:  STRBE-JDA  (Melvin  Goss) 

Fort  Belvoir,  VA  22060-5606 

1  Commander,  USACECOM 

R&D  Technical  Library 
ATTN:  ASQNC-ELC-I-T,  Myer  Center  1 
Fort  Monmouth,  NJ  07703-5000 

1  Director 

CECOM  Center  for  Night  Vision  and 
Electro-Optics 

ATTN:  AMSEL-NV-V  (John  Palmer) 

Fort  Belvoir,  VA  22060-5677 

1  Director 

CECOM  Center  for  Night  Vision  and 
Electro-Optics 

ATTN:  AMSEL-RD-NV-V  (John  Ho) 

Fort  Belvoir,  VA  22060-5677 

1  Director 

CECOM  Center  for  Night  Vision  and 
Electro-Optics 

ATTN:  DELMV-L  (Dr.R.  Buser) 

Fort  Belvoir,  VA  22060-5677 

1  Commander 

U.S.  Army  Foreign  Science  and 

Technology  Center 
ATTN:  AIF  (Bill  Rich) 

220  Seventh  Street,  NE 
Charlottesville,  VA  22901-5396 

3  Commander 

U.S.  Army  Foreign  Science  and 

Technology  Center 
ATTN:  AIFRC  (T. Walker, 

S.  Eitleman,  R.  Witnebal) 

220  Seventh  Street,  NE 
Charlottesville,  VA  22901-5396 


No.  of 

Copies  Organization 

1  Commander 

U.S.  Army  Foreign  Science  and 
Technology  Center 
ATTN:  AIFRS  (Gordon  Spencer) 

220  Seventh  Street,  NE 
Charlottesville,  VA  22901-5396 

Commander 

U.S.  Army  Foreign  Science  and 
Technology  Center 
ATTN:  AIFRT  (John  Kosiewicz) 

220  Seventh  Street,  NE 
Charlottesville,  VA  22901-5396 

Commander 

U.S.  Army  Foreign  Science  and 
Technology  Center 
ATTN:  AIFRC  (Dave  Hardin) 

220  Seventh  Street,  NE 
Charlottesville,  VA  22901-5396 

1  Commander 

U.S.  Army  Foreign  Science  and 
Technology  Center 
ATTN:  AMXST-WSI  (John  R.  Aker) 

220  Seventh  Street,  NE 
Charlottesville,  VA  22901-5396 

1  Commander 

U.S.  Army  Harry  Diamond  Laboratories 
ATTN:  SLCHD-RT  (Peter  Johnson) 

2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

1  Commander 

U.S.  Army  INSCOM 

ATTN:  lAOPS-SE-M  (George  Maxfield) 
Arlington,  Hall  Station 
Arlington,  VA  22212-5000 

2  Commander 

U.S.  Army  Missile  Command 

ATTN:  AMSMI-RD-GC-T  (R.  Alongi) 
Redstone  Arsenal,  AL  35898-5000 

1  Commander 

U.S.  Army  Missile  Command 

ATTN:  AMSMI-RD-SS-AT  (Ed  Vaughn) 
Redstone  Arsenal,  AL  35898-5000 
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1  Commander 

U.S.  Army  Missile  Command 

ATTN:  AMSMI-RGT  (J.  Bradas) 
Redstone  Arsenal ,  AL  35898-5000 

1  Commander 

U.S.  Army  Missile  Command 

ATTN:  AMSMI-YTSD  (G.  Allison) 
Redstone  Arsenal ,  AL  35898-5070 

1  Commander 

U.S.  Army  Missile  Command 

ATTN:  AMSMI-REX  (W.  Pittman) 
Redstone  Arsenal ,  AL  35898-5500 

1  Director 

U.S.  Army  Missile  and  Space 
Intel  1 igence  Center 
ATTN:  AIAMS-RT  (Pat  Jordan) 
Redstone  Arsenal,  AL  35898-5000 

1  Director 

U.S.  Army  Missile  and  Space 
Intel  1 igence  Center 
ATTN:  AIAMS-YLD  (V.  Stallcup) 
Redstone  Arsenal,  AL  35898-5500 

2  Director 

U.S.  Army  Missile  and  Space 
Intelligence  Center 
ATTN:  AIAMS-YRS  (T.  Blalock, 
Pete  Kirkland) 

Redstone  Arsenal,  AL  35898-5500 

2  Director 

U.S.  Army  Missile  and  Space 
Intel  1 igence  Center 
ATTN:  AIAMS-YRT  (F.  Cline, 

D.  Slaymaker) 

Redstone  Arsenal,  AL  35898-5500 

I  Director 

U.S.  Army  Missile  and  Space 
Intel  1 igence  Center 
ATTN:  Randly  L.  Smith 
Redstone  Arsenal,  AL  35898-5500 


No.  of 

Copies  Organization 

1  Commander 

U.S.  Army  Natick  R&D  Center 
ATTN:  STRNC-OI  (S.  Freitas) 

Natick,  MA  01760 

1  Commander 

U.S.  Army  Tank-Automoti ve  Command 
ATTN:  SPAE-ASM-PEO/COL  D.  Derrah 
Warren,  MI  48397-5000 

1  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-CF  (Dr.  Oscar) 

Warren,  MI  48090 

1  Commander 

U.S.  Army  Tank-Automoti ve  Command 
ATTN:  AMSTA-CK  (G.  Orlicki) 

Warren,  MI  48090 

1  Commander 

U.S.  Army  Tank-Automotive  Command 

ATTN:  AMSTA-CR  (Mr.  Wheel ock) 
Warren,  MI  48397-5000 

1  Commander 

U.S.  Army  Tank-Automotive  Command 

ATTN:  AMSTA-CV  (COL  Kearney) 

Warren,  MI  48397-5000 

1  Commander 

U.S.  Army  Tank-Automotive  Command 

ATTN:  AMSTA-NKS  (D.  Cyaye,  J.  Rowe) 
Warren,  MI  48397-5000 

2  Commander 

U.S.  Army  Tank-Automotive  Command 

ATTN:  AMSTA-RGE  (R.  Munt, 

R.  McClelland) 

Warren,  MI  48397-5000 

3  Commander 

U.S.  Army  Tank-Automoti ve  Command 

ATTN:  AMSTA-RSC  (J.  Bennett, 

W.  Mick 

Warren,  MI  48397-5000 
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2 
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Commander  1 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-RSK  (S.  Goodman) 
Warren,  MI  48090-5000 

Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-VS  (B.  Bonkosky)  1 

Warren,  MI  48090-5000 

Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-ZE  (R.  Asoklis)  2 

AMSTA-ZEA  (C.  Robinson, 

R.  Gonzalez) 

AMSTA-ZS  (D.  Rees) 

AMSTA-ZSS  (J.  Thompson, 

J.  Soltez) 

Warren,  MI  48397-5000 

Director  1 

HQ,  TRAC  RPD 

ATTN:  Asst  Dep  Chief  of  Staff 
for  Combat  Operations 
Fort  Monroe,  VA  23651-5000 

Director 
HQ,  TRAC  RPD 

ATTN:  ATRC-RP  (COL  Brinkley)  1 

ATRC-RPR  (M.  W.  Murray) 

Fort  Monroe,  VA  23651-5143 

Director 

U.S.  Army  Cold  Regions  Research 
and  Development  Laboratory  1 

ATTN:  Technical  Director  (L.  Link) 
72  Lyme  Road 
Hanover,  NH  03755 

U.S.  Army  Corps  of  Engineers 
Assistant  Director  Research  and  3 
Development  Directorate 
ATTN:  Mr.  B.  Benn 
20  Massachusetts  Avenue,  NW 
Washington,  DC  20314-1000 


Commander 

U.S.  Army  Vulnerability  Assessment 
Laboratory 

ATTN:  SLCVA-CF  (Gil  Apodaca) 

White  Sands  Missile  Range,  NM 
88002-5513 

Director 

TRAC-WSMR 

ATTN:  ATRC-RD  (McCoy) 

WSMR,  NM  88002-5502 

U.S.  General  Accounting  Office 
Program  Evaluation  and  Method¬ 
ology  Division 

ATTN:  R.  G.  Orwin,  J.  Sonnefeld 

Room  5844 

441  G  Street,  NW 

Washington,  DC  20548 

Director 

Office  of  the  Deputy  Under 
Secretary  of  the  Army, 

Operations  Research 
Study  Program  Management  Agency 
ATTN:  SFUS-SPM/E/E.  Visco 
Washington,  DC  20310-0102 

Director 

U.S.  Army  Industrial  Base 
Engineering  Activity 
ATTN;  AMXIB-MT 
Rock  Island,  IL  61299-7260 

Director 

U.S.  Army  Industrial  Base 
Engineering  Activity 
ATTN:  AMXIB-PS  (S.  McGlone) 

Rock  Island,  IL  61299-7260 

Director 

U.S.  Army  Engineer  Waterways 
Experiment  Station 
ATTN:  WESEN  (Dr.  V.  LaGarde, 

Mr.  W.  Grabau) 

WESEN-C  (Mr.  D.  Meeker) 

P.O.  Box  631 

Vicksburg,  MS  39180-0631 
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U.S.  Army  Engineer  Topographic  1 
Laboratories 

ATTN:  Technical  Director 
(W.  Boge) 

Fort  Belvoir,  VA  22060-5546 

1 

Commander 

U.S.  Army  Operational  Test  and 
Evaluation  Command 
ATTN:  LTC  Gordon  Crupper 
Park  Center  IV,  4501  Ford 
Avenue,  #870  1 

Alexandria,  VA  22302-1435 

Lawrence  Livermore  National 
Laboratory 
PO  Box  808  (L-3321) 

ATTN:  Mark  Wilkins  4 

Livermore,  CA  94551 

Los  Alamos  National  Laboratory 
ATTN:  MS  985,  Dean  C.  Nelson 
MS  F600,  Gary  Tietgen 
MS  G787,  Terrence  Phillips 
PO  Box  1663  2 

Los  Alamos,  NM  87545 

Los  Alamos  National  Laboratory 
ATTN:  MS  F681,  LTC  M.  Ziehmn 
USMC 

PO  Box  1668 

Los  Alamos,  NM  87545  1 

Sandia  National  Laboratories 
Department  913 
ATTN:  Ron  Andreas 
Albuquerque,  NM  87185-5800 

1 

Sandia  National  Laboratories 
Department  1611 
ATTN:  Tom  James 
Albuquerque,  NM  87185 

Sandia  National  Laboratories  2 

Department  1623 
ATTN:  Larry  Hostetler 
Albuquerque,  NM  87185 


Sandia  National  Laboratories 
PO  Box  969 

ATTN:  Gary  W.  Richter 
Livermore,  CA  94550 

Commander 

U.S.  Naval  Air  Systems  Command 
JTCG/AS  Central  Office 
ATTN:  5164J  (LTC  J.  Sebolka) 
Washington,  DC  20361 

Commander 

U.S.  Naval  Ocean  Systems  Center 
ATTN:  Earle  G.  Schweizer 
Code  000 

San  Diego,  CA  92151-5000 
Commander 

U.S.  Naval  Surface  Warfare  Center 
ATTN:  G.  Budd,  J.  Ellis, 

6.  Harris,  C.  Rollins 
Code  G13 

Dahlgren,  VA  22448-5000 
Commander 

U.S.  Naval  Weapons  Center 

ATTN:  Ed  Patterson,  Dr.  H.  Wang 

Code  3313 

Bldg  1400,  Rm  B17 

China  Lake,  CA  93555 

Commander 

U.S.  Naval  Weapons  Center 
ATTN:  Mark  D.  Alexander 
Code  3894 

China  Lake,  CA  93556-6001 
Commander 

U.S.  Naval  Weapons  Center 
ATTN:  Melvin  Keith 
Code  39104 

China  Lake.  CA  93555 
Commander 

U.S.  Naval  Weapons  Center 
ATTN:  Tim  Horton,  Dave  Hall 
Code  3386 

China  Lake.  CA  93555 
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Commander  1 

U.S.  Naval  Weapons  Center 
ATTN:  Robert  Cox 
Code  3917 

China  Lake,  CA  93555-6001 
Commander 

U.S.  Naval  Civil  Eng  Laboratories  2 
ATTN:  John  M.  Ferritto 
Code  L53 

Port  Hueneme,  CA  93043 

Naval  Postgraduate  School 
ATTN:  Dr.  Michael  J.  Zyda 
Department  of  Computer  Science 
Code  52 

Monterey,  CA  93943  2 

Naval  Postgraduate  School 
ATTN:  Dr.  Joseph  Sternberg 
Department  of  Computer  Science 
Code  73 

Monterey,  CA  93943  1 

Commander 

Intelligence  Threat  Analysis 
Center 

ATTN:  PSD-GAS/John  Bickle 
Washington  Navy  Yard  1 

Washington,  DC  20374 

Commander 

Intelligence  Threat  Analysis 
Center 

ATTN:  Bill  Davies 
Washington  Navy  Yard,  Bldg  203  1 

(Stop  314) 

Washington,  DC  20774 
Commander 

Intelligence  Threat  Analysis  2 

Center 

ATTN:  Ron  Demeter 
Washington  Navy  Yard,  Bldg  213 
(Stop  314) 

Washington,  DC  20374  1 


Commander 

Intelligence  Threat  Analysis 
Center 

ATTN:  Tim  Finnegan 
Washington  Navy  Yard,  B-213 
Washington,  DC  20374 

Commander 

Intelligence  Threat  Analysis 
Center 

Intell  Image  Prod  Div 
ATTN:  John  Creighton,  A.  Fuerst 
Washington  Navy  Yard,  Bldg  213 
(LAX-O-II) 

Washington,  DC  20374 
Commander 

David  W.  Taylor  Naval  Ship  and 
Development  Center 
ATTN:  W.  Conley,  J.  Schot 
Bethesda,  MD  20084 

Commander 

Egl in  Air  Force  Base 
AD/ENL 

ATTN:  Robert  L.  Stovall 
Eglin  AFB,  FL  32542 

Commander 
USAF  HQ  ESD/PLEA 
Chief,  EWngineering  and  Test 
Division 

ATTN:  Paul  T.  Courtoglous 
Hanscom  AFB,  MA  01730 

Commander 

USAF-HQ 

ATTN:  AFTDEC/JT  (COL  V.  Kindurvs) 
Kirtland  AFB,  NM  87117-7001 

Commander 

AFATL 

ATTN:  AGA  (L.  Jones,  M.  Phipps) 
Eglin  AFB,  FL  32542-5434 

Commander 

AFEWC 

ATTN:  AFEWC/SAXE  (B.  Eddy) 

Kelly  AFB,  TX  78243-5000 
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1  Commander  1 

AFWAL/AARA 
ATTN:  Ed  Zelano 
Wright  Patterson  AFB,  OH  45433 

1  Commander 

AFWAL/FIES 

ATTN:  James  Hodges  Sr. 

Wright  Patterson  AFB,  OH 
45433-6523 

1  Commander 

AFWAL/MLTC 

ATTN:  LT  R.  Carringer,  D.  Judson 
Wright  Patterson  AFB,  OH 
45433-6533 

1  Commander 

ASB/XRM 

ATTN:  Gerald  Bennett 
Wright  Patterson  AFB,  OH  45433 

I  Commander 

WRDC/AARA 

ATTN:  Michael  Bryant 
Wright  Patterson  AFB,  OH  45433 

1  Commander 

FTD/SDMBA 

ATTN:  Charles  Darnell 
Wright  Patterson  AFB,  OH  45433 

I  Commander 

FTD/SDMBU 

ATTN:  Kevin  Nelson 
Wright  Patterson  AFB,  OH  45433 

1  Commander 

FTD/SQDRA 

ATTN:  Greg  Koesters 
Wright  Patterson  AFB,  OH 
45433-6508 

1  Commander 

PTD 

ATTN:  Tom  Reinhardt 
Wright  Patterson  AFB,  OH  45433 


Organization 

Commander 
FTD/SCRS 

ATTN:  Amy  Fox  Schalle 
Wright  Patterson  AFB,  OH  45433 

1  Commander 
FTD/SDJEO 

ATTN:  Robert  Schalle 

Wright  Patterson  AFB,  OH  45433 

1  Commander 

FTD/SDAEA 

ATTN:  Joe  Sugruee 

Wright  Patterson  AFB,  OH  45433 

1  Commander 

AFWAL/AARA 

ATTN:  Vincent  Velten 
Wright  Patterson  AFB,  OH  45433 

1  Commander 

FTO/SQDRA 

ATTN:  Larry  Wright 

Wright  Patterson  AFB,  OH  45433 

1  Commander 

AD/CZL 

ATTN:  James  M.  Heard 
Eglin  AFB,  FL  32542-5000 

1  Commander 
AD/ENY 

ATTN:  Dr.  Stewart  W.  Turner 
Director  of  Engineering  Analysis 
Eglin  AFB,  FL  32542-5000 

2  Commander 
AD/ENYW 

ATTN:  2LT  M.  Ferguson,  J.  Richardson 
Eglin  AFB,  FL  32542-5000 

1  Commander 

Air  Force  Armament  Laboratory 
ATTN:  AFATL/DLY  (J.  Flint) 

Eglin  AFB,  FL  32542-5000 
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Commander  1 

U.S.  Army  FSTC 

ATTN:  ALAST-RA-SGl  (Dr.  S.  Carter) 
220  Seventh  Avenue 
Charlottesville,  VA  22901-5396 

Commander  1 

U.S.  Army  FSTC 

ATTN;  G.  Crawford,  D.  Lutz, 

S.  Hall,  C.  Hutson 
220  Seventh  Avenue 
Charlottesville,  VA  22901-5396  1 

Commander 

U.S.  Army  FSTC/CA3 

ATTN:  S.  Mingledorff 

220  Seventh  Avenue  1 

Charlottesville,  VA  22901-5396 

Commander 

U.S.  Army  FSTC(UK) 

ATTN:  MAJ  N.  Williams  1 

220  Seventh  Avenue 
Charlottesville,  VA  22901-5396 

Commander 
U.S.  Army  FSTC 

ATTN:  Dr.  T.  Small  2 

220  Seventh  Avenue 
Charlottesville,  VA  22901-5396 

Defense  Intelligence  Agency 
ATTN:  DB-6E3  (J.  Hagler)  1 

Washington,  DC  20340-6763 

Institute  for  Defense  Analyses  (IDA) 
ATTN:  I.  Kaufman,  A.  Kresse, 

A.  Stein,  L.  Tonnessen,  2 

B.  Turner,  S.  Waller 
1801  N.  Beauregard  Street 
Alexandria,  VA  22311 

Institute  for  Defense  Analyses 
ATTN:  C.  Kossack  1 

1005  Athens  Way 
Sun  City,  FL  33570 


Department  of  Commerce 
National  Bureau  of  Standards 
Manfacturing  Systems  Group 
ATTN:  B.  Smith 
Washington,  DC  20234 

AAI  Corporation 
ATTN;  H.  Schuette 
PO  Box  126 

Hunt  Valley,  MD  21030-0126 

ABEX  Research  Center 
ATTN:  Dr.  M.  Normandia 
65  Valley  Road 
Mahwah,  NJ  07430 

Adelman  Associates 
ATTN:  H.  Weintraub 
291  North  Bernardo  Avenue 
Mountain  View,  CA  94014-5205 

The  Armed  Forces  Communications 
and  Electronics  Association 
ATTN:  K.  Lamar,  BG(Ret) 

4400  Fair  Lakes  Court 
Fairfax,  VA  22033-3899 

Aero  Corporation 

ATTN;  D.  Eccles,  G.  Snyder 

PO  Box  92957,  M4/913 

Los  Angeles,  CA  90009 

AFELM,  Rand  Corporation 
ATTN:  Library-D 
1700  Main  Street 
Santa  Monica,  CA  90406 

Air  Force  Wright  Aeronautical 
Labs 

ATTN:  CDJ,  CPT  dost,  J.  Faison 
Wright  Patterson  AFB,  OH 
45433-6523 

Alii  ant  Computer  Company 
ATTN:  D.  Micciche 
1  Monarch  Drive 
Littleton,  MA  01460 


30 


DISTRIBUTION  LIST  (continued) 


No .  of 
Copies 

I 


1 


I 


1 


1 


I 


1 


1 


1 


No.  of 

Organization  Copies  Organization 


Alliston  Gas  Turbine  1 

Division  of  GM 
ATTN:  Michael  Swift 
PO  Box  420,  SC  S22B 
Indianapolis,  IN  46260-0420 

1 

Aluminum  Company  of  America 
ATTN:  C.  Wood 
Alcoa  Technical  Center 
Alcoa  Center,  PA  15069 

1 

ANSER 

ATTN:  J.  McNulty 

1215  Jefferson  Davs  Highway 

Arlington,  VA  202 

1 

ARC  C-500 
ATTN:  J.  Bucher 
Moden-'  Road 

Coafesville,  PA  19320 

1 

armament  Systems,  Inc. 

ATTN:  G.  Zeller 
PO  Box  158 

211  West  Bel  Air  Avenue 
Aberdeen,  MD  21001  3 

Armored  Vehicle  Technologies 
ATTN:  Coda  Edwards 
PO  Box  2057 
Warren,  MI  48090 

1 

ASI  Systems,  International 
ATTN:  Dr.  M.  Stamatelatos 
3319  Lone  Jack  Road 
Encinitas,  CA  92024 

Auburn  University 

Electrical  Engineering  Department  2 
ATTN:  Dr.  T.  Shumpert 
Auburn  University,  AL  36849 

A.W.  Bayer  and  Associates 

ATTN:  A.  W.  Bayer,  President 

Marina  City  Club 

4333  Admiralty  Way 

Marina  del  Rey,  CA  90292-5469 


Battel le  Research  Laboratory 
Columbus  Division 
505  King  Avenue 
Columbus,  OH  43201-2693 

Battel e  Research  Laboratory 
ATTN:  B.  Tullington 
1300  N.  17th  St,  Suite  1520 
Arlington,  VA  22209 

The  BDM  Corporation 
ATTN:  E.  Dorchak 
7915  Jones  Branch  Drive 
McLean,  VA  22102-3396 

The  BDM  Corporation 
ATTN:  F.  Michel 
1300  N.  17th  Street 
Arlington,  VA  22209 

Bell  Helicopter  Textron 
ATTN:  J.  Johnson 
PO  Box  482 

Fort  Worth,  TX  76101 

BMY,  Division  of  Harsco 
ATTN:  W.  Wagner,  Jr.,  R. 

Jenkins,  E.  Magalski 
PO  Box  1512 
York,  PA  17404 

Board  on  Army  Science  and 
Technology,  National  Research 
Council 
Room  MH280 

2101  Constitution  Avenue,  NW 
Washington,  DC  20418 

Boeing  Aerospace 
ATTN:  Dr.  R.  Chiavetta, 

Dr.  J.  Kuras 
Mail  Stop  SK17 
PO  Box  3999 

Seattle,  WA  98124-2499 
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Cop  1  es 
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Cop  i  es 

Organ i zat i on 

2 

Boeing  Corporation 

ATTN;  MS33-04,  R.  Bristow 
MS48-88,  W.  Hammond 

PO  Box  3707 

Seattle,  WA  98124-2207 

1 

Commander 

Combined  Arms  Combat  Development 
Activity 

ATTN:  ATZL-HFM  (D.  Skelton) 

Fort  Leavenworth,  KS  66027-5300 

1 

Boeing  Vertol  Company 

A  Division  of  Boeing  Co. 

ATTN:  MS  P30-27,  J.  Lyons 

PO  Box  16858 

1 

Computer  Sciences  Corporation 

200  Sparkman  Drive 

Huntsville,  AL  35805 

Philadelphia,  PA  19142 

3 

Computerv i s i on  Corporation 

ATTN:  A.  Bhide,  V.  Geisberg, 

1 

BooZ'Allen  and  Hamilton,  Inc. 
ATTN:  Dr.  Benjamin 

R.  Hi  1 lyard 

201  Burl i ngton  Road 

Suite  131,  4141  Colonel  Glenn  Hwy 
Dayton,  OH  45431 

1 

Bedford,  MA  01730 

Cray  Research,  Inc 

1 

Booz-Allen  and  Hamilton,  Inc. 
ATTN:  Jay  Lobb 

200  E.  Big  Beaver  Rd 

Troy,  MI  48053 

1 

ATTN:  William  Kri tl ow 

2130  Main  Street,  <>380 

Huntington  Beach,  CA  92648 

CRS  Sirrine,  Inc 

] 

Booz-Allen  and  Hamilton,  Inc. 
ATTN:  Lee  F.  Mallett 

1300  N.  17th  St,  Suite  1610 
Rosslyn,  VA  22209 

ATTN:  Dr.  J.  Smith 

PO  Box  22427 

1177  West  Loop  South 

Houston,  TX  77227 

1 

Booz-Allen  and  Hamilton,  Inc. 
ATTN:  John  M.  Vice  (2  cys) 
WRDC/FIVS/SURVIAC 

Bldg  45,  Area  B 

Wright  Patterson  AFB,  OH 

1 

CSC 

ATTN:  Abner  W.  Lee 

200  Sparkman  Drive 

Huntsville,  AL  35805 

45433-6553 

2 

Cypress  International 

ATTN:  A.  Caponecchi.  v) .  Logan 

I 

John  Brown  Associates 

ATTN:  Dr.  J.  Brown 

PO  Box  145 

1201  E.  Aginjdon  Drive 
Alexandria,  VA  223  M 

Berkeley  Heights,  NJ 

07922-0145 

1 

Data  Networks,  Inc 

ATTN:  W.  E.  Regan,  Jr.,  Pres. 
288  Greenspring  Station 

1 

Chamberlain 

ATTN;  Mark  Sackett 

Brookl andvi 1 1 e .  MD  21022 

PO  Box  2545 

Waterloo,  lA  50704 

1 

Datatec,  Inc 

ATTN:  D.  Cudney,  Pres. 

326  Green  Acres 

1 

Commander 

Combined  Arms  Combat  Development 
Activi ty 

ATIN;  ATZL-CAP,  LTC  Morrison) 
Dir,  Surv  Task  Force 

Fort  Walton,  FL  32548 

Fort  Leavenworth,  KS  66027^5300 
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I  University  of  Dayton 

Graduate  Engineering  ad  Research 
Kettering  Lab  262 
ATTN:  Dr.  Gary  Thiele,  Director 
Dayton,  OH  45469 

1  Delco  Systems  Operation 

ATTN:  John  Steen 
6767  Hollister  Avenue,  #P202 
Goleta,  CA  93117 

1  Denver  Research  Institute 

Target  Vulnerability  and 
Survivability  Laboratory 
ATTN:  Lawrence  G.  Ullyatt 
PO  Box  10127 
Denver,  CO  80210 

1  Denver  Research  Institute 

University  of  Denver 
ATTN:  Louis  E.  Smith 
University  Park 
Denver,  CO  80208 

I  Dow  Chemical ,  U.S.A. 

ATTN:  Dr.  P.  Richard  Stoesser 

Contract  R&D 

1801  Building 

Midland,  MI  48674-1801 


1  Eichelberger  Consulting  Company 

ATTN:  Dr.  R.  Eichelberger 
President 

409  West  Catherine  Street 
Bel  Air,  MD  21014 

1  Electronic  Warfare  Associates,  Inc 

ATTN:  W.  Chiaramonte 
2071  Chain  Bridge  Road 
Vienna,  VA  22180 

1  Emprise,  Ltd. 

ATTN:  Bradshaw  Armendt,  Jr. 

201  Crafton  Road 
Bel  Air,  MD  21014 

8  Environmental  Research  Institute 

of  Michigan 

ATTN:  K.  Augustyn,  Mr.  Kozma, 

Dr.  Haie,  R.  Horvath, 

Mr.  Arnold,  E.  Cobb, 

B.  Morey,  M.  Bair 
PO  Box  8618 
Ann  Arbor,  MI  48107 

1  E-OIR  Measurements,  Inc. 

ATTN:  Russ  Moulton 

PO  Box  3348,  College  Station 

Fredericksburg,  VA  22402 


1  Drexel  University 

ATTN:  Dr.  Pei  Chi  Chou 
College  of  Engineering 
Philadelphia,  PA  19104 

1  DuPont  Company  FPD 

ATTN:  Dr.  Oswald  Bergmann 
B-1246,  1007  Market  Street 
Wilmington,  DE  19898 

1  Dynamics  Analysis  and  Test 

Associates 

ATTN:  Dr.  C.  Thomas  Saveli 
2231  Faraday  Avenue,  Suite  103 
Carlsbad,  CA  92008 


1  ERIM 

ATTN:  S.  Stewart 
Exploitation  Applications  Dept 
Image  Processing  Systems  Div 
PO  Box  8618 

Ann  Arbor,  MI  48107-8618 

1  USA  EATL/IAG 

ATTN:  J.  Campbell 

Bldg  2592,  Room  S16 

Fort  Belvoir,  VA  22060-5546 

1  FMC  Corporation 

ATTN:  Sidney  Kraus 

1105  Coleman  Avenue,  Box  1201 

San  Jose,  CA  95108 


1 


E.I.  Dupont  TED  FMC 
ATTN;  R.  Myers,  Jr. 
Wilmington,  DE  19898 
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1 

FMC  Corporation 

1 

General  Automics 

ATTN:  R.  Beck,  M.  Lim 

ATTN:  C.  Everline, 

J.  Yacoub 

Staff  Engineer 

881  Martin  Avenue 

PO  Box  85608 

Santa  Clara,  CA  95052 

San  Diego,  CA  92138-5608 

3 

FMC  Corporation 

1 

General  Dynamics 

Advanced  Systems  Center  (ASC) 

ATTN:  Dr.  Fred  Cleveland 

ATTN:  E.  Berry,  S.  Langlie, 

PO  Box  748 

H.  Theumer 

Mail  Zone  5965 

1300  South  Second  Street 

PO  Box  59043 

Fort  Worth,  TX  76101 

Minneapolis,  MN  55459 

3 

General  Dynamics 

ATTN:  MZ-4362112,  R.  Carter 

2 

FMC  Corporation 

MZ-4362029,  J.  Graciano 

Defense  Systems  Group 

MZ-4362055,  G.  Jackman 

ATTN:  R.  Burt,  D.  Nitschke 

38500  Mound 

1115  Coleman  Avenue 

Sterling  Heights,  MI  48310 

San  Jose,  CA  95037 

3 

General  Dynamics  Corporation 

I 

FMC  Corporation 

ATTN:  MZ-2650,  D.  Bergman 

Naval  Systems  Division 

MZ-2860,  J.  Romanko 

ATTN:  MK-45,  Randall  Ellis 

MZ-2844,  C.  Waters 

Minneapolis,  MN  55421 

PO  Box  748 

Fort  Worth,  TX  76101-0748 

I 

FMC  Corporation 

Northern  Ordnance  Division 

1 

General  Dynamics  Land  Systems 

ATTN:  M3-11,  Barry  Brown 

ATTN:  Robert  Carter 

Minneapolis,  MN  55421 

PO  Box  1804 

Warren,  MI  48090 

6 

FMC  Corporation 

Ordnance  Engineering  Division 

1 

General  Dynamics  Land  Systems 

ATTN:  H.  Croft,  M.  Hatcher, 

ATTN:  Dr.  P.  Kersten 

L.  House,  J.  Jackson, 

PO  Box  1901 

E.  Maddox,  R.  Musante 

Warren,  Ml  48090 

1115  Coleman  Avenue,  Box  1201 
San  Jose,  CA  95108 

1 

General  Dynamics  Land  Systems 

ATTN:  W.  Mrdeza 

1 

GE  Aircraft  Engines 

PO  Box  2045 

ATTN:  Dr.  Roger  Dunn 

One  Neumann  Way,  MD  J185 

Warren,  MI  48090 

Cincinnati,  OH  45215-6301 

1 

General  Dynamics  Land  Systems 

ATTN:  R.  Auyer,  0.  Renius, 

N.  Sridharan,  D.  Loftin, 
Dr.  P.  Lett 
PO  Box  2074 
Warren,  MI  48090 
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1  General  Motors  Corporation 

Research  Laboratories 
ATTN;  J.  Boyse,  J.  Joyce, 

R.  Sarraga 
Warren,  MI  48090 

1  General  Motors  Corporation 

Military  Vehicles  Operations 
Combat  Vehicle  Center 
ATTN:  Dr.  J.  MacBain 
PO  Box  420  Mail  Code  01 
Indianapolis,  IN  46206-0420 

I  Gettysburg  College 

Box  405 

Gettysburg,  PA  17325 

1  Grumman  Aerospace  Corporation 

Research  and  Development  Center 
ATTN;  Dr.  R.  Brown,  Senior 
Research  Scientist 
Bethpage,  NY  11714 

1  GTRI-RAIL-MAD 

ATTN:  Mr.  J.  Bradley 
CRB  577 

Atlanta,  GA  30332 

1  Honeywell 

ATTN;  Hatem  Nasr 
Systems  and  Research  Center 
3660  Technology  Drive 
PO  Box  1361 

Minneapolis,  MN  55418 

1  Honeywell 

ATTN:  F.  J.  Parduhn 
7225  Northland  Drive 
Brooklyn  Park,  MN  55428 

2  Honeywell,  Inc. 

ATTN:  R.  Burg,  L.  Dillway 
MN38-4000 

10400  Yellow  Circle  Drive 
Minnetonka,  MN  55343 


No.  of 

Copies  Organization 

2  INEL/EG&G 

Engineer  Lab 

ATTN;  R.  Berry,  M.  Hintze 

PO  Box  1625 

Idaho  Falls,  ID  83451 

1  Interactive  Computer  Graphics 

Center 

Rensselear  Polytechnic  Inst. 
ATTN:  M.  Wozny 
Troy,  NY  12181 

1  International  Development  Corp. 

ATTN:  T.  Jones 
18400  Shelburne  Road 
Shaker  Heights,  OH  44118 

1  I  SAT 

ATTN:  R.  Briggs 
1305  Duke  Street 
Alexandria,  VA  22314 

1  Jet  Propulsion  Laboratory 

California  Institute  of 
Technol ogy 
ATTN:  D.  Lewis 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 

1  Kaman  Sciences  Corporation 

ATTN:  T.  Pendergrass 
600  Boulevard  South,  Suite  208 
Huntsville,  AL  35802 

1  Ketron,  Inc 

ATTN:  R.  Bennett 
696  Fairmont  Avenue 
Towsontown  Center 
Towson,  MD  21204 

1  Jeweebaw  Research  Center 

Michigan  Technological  Univ. 
ATTN:  B.  Reynolds 
Houghton,  MI  49931 

1  Lanxido  Armor  Products 

ATTN:  Dr.  R.  Wolffe 
Tralee  Industrial  Park 
Newark,  DE  19711 
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1 
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2 


1 


1 


1 
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Lincoln  Laboratory 
MIT 

ATTN:  Dr.  R.  Shin, 

Dr,  C.  Burt 
PO  Box  73 

Lexington,  MA  02173 

Lincoln  Laboratory 
MIT 

Surveillance  Systems  Group 
ATTN:  R.  Barnes,  G.  Knittel, 

J.  Kong 

244  Wood  Street 
Lesington,  MA  02173-0073 

Lockheed  Corporation 
ATTN:  R.  Smith 
PO  Box  551 
Burbank,  CA  91520 

Lockheed-Cal i forni a  Company 
ATTN:  C.  Burton,  R.  Ricci, 

M.  Steinberg 
Burbank,  CA  91520 

Lockheed-Georgi a  Company 
ATTN:  0.  Teuton,  J.  Tulkoff 
Dept  72-91,  Zone  419 
Marietta,  GA  30063 

Logistics  Management  Institute 
ATTN:  E.  D.  Simms,  Jr. 

6400  Goldsboro  Road 
Bethesda,  MD  20817-5886 

Los  Alamos  Technical  Associates, 
ATTN:  J.  Daly 
6501  Americas  Parkway,  ffSOO 
Albuquerque,  NM  87110 

LTV 

ATTN:  MS  194-51,  M.  Logan 
PO  Box  225907 
Dallas,  TX  75265 


1  LTV  Aerospace  and  Defense 
ATTN:  D.  Reedy 
PO  Box  225907 
Dallas,  TX  75265 

3  Martin  Marietta  Aerospace 

ATTN:  MP-113,  D.  Dorfman, 
MP-433,  R.  Dowd, 

MP-243,  T.  D'lsepo 
PO  Box  555837 
Orlando,  FL  32855-5837 

3  Mathematical  Applications 

Group,  Inc 

ATTN:  M.  Cohen,  R.  Goldstein, 
H.  Steinberg 
3  Westchester  Plaza 
Elmsford,  NY  10523 

1  Maxwell  Laboratories,  Inc. 

ATTN:  Dr.  M.  Holland 
8888  Balboa  Avenue 
San  Diego,  CA  92123-1506 

1  McDonald-Dougl as  Astronautic 

ATTN:  N.  Louie 
5301  Bol sa  Avenue 
Huntington  Beach,  CA  92647 

1  McDonnell  Douglas,  Inc. 

ATTN;  D.  Hamilton 

PO  Box  516 

St.  Louis,  MO  63166 

1  McDonnell  Douglas,  Inc 

Inc  ATTN:  A.  Parker 

3855  Lakewood  Blvd,  MC  35-18 
Long  Beach,  CA  90846 

1  Memex  Corporation 

ATTN:  C.  Smith 
91  Belleau  Avenue 
Atherton,  CA  94025 

1  Micro  Electronics  of  NC 

ATTN;  G.  Kedem 
PO  Box  128S9 

Research  Triangle  Park,  NC 
07709 
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1  MIT 

ATTN;  Dr.  S.  Benton 
RE  15-416 

Cambridge,  MA  02139 

5  The  MITRE  Corporation 

ATTN:  E.  Brady,  Vice-Pres., 

N.  Gramenopoulos, 

G.  MacDonald,  N. 
Srinivasan,  N.  Huddy 
7525  Colshire  Drive 
McLean,  VA  22102-3184 

1  NASA-Ames  Research  Center 

ATTN;  Dr.  A.  Woo 
Mail  Stop  227-2 
Moffett  Field,  CA  94035 

1  NASA-Ames  Research  Center 

ATTN:  L.  Presley 
Mail  Stop  227-4 
Moffett  Field,  CA  94035 

1  NAVIR  DEVCON 

ATTN:  F.  Wenograd 
Code  6043 

Warminster,  PA  18974 

1  North  Aircraft 

ATTN:  Dr.  A.  Varvatsis 
Mail  Zone  3622/84 
1  Northrop  Avenue 
Hawthorne,  CA  90250 

1  Northrop  Corporation 

Research  and  Technology  Center 
ATTN:  J.  Reis 
One  Research  Park 
Palos  Verdes  Peninsula,  CA 
90274 

1  Norton  Company 

ATTN:  R.  Bart 
1  New  Bond  Street 
Worcester,  MA  01606-2698 


1  Oceanus  Company 

ATTN;  RADM  R.  Gormley,  Ret 

PO  Box  7069 

Menlo  Park,  CA  94026 

1  Oklahoma  State  University 

College  of  Engineering, 
Architecture  and  Technology 
ATTN:  T.  Browder,  Jr. 

PO  Box  1925 

Eglin  AFB,  FL  32542 

1  Pacific  Scientific/Htl  Division 

ATTN:  R.  Aldrich 
1800  Highland  Avenue 
Duarte,  CA  91010 

1  Perceptronics,  Inc 

ATTN:  D.  Loft  in 
21111  Erwin  Street 
Woodland  Hills,  CA  91367 

1  Princeton  University 

Mathematics  Dept 
Fine  Hall 
Washington  Road 
ATTN:  J.  Tukey 
Princeton,  NJ  08544-1000 

1  PRI,  Inc. 

ATTN:  W.  Bushel! 

Building  E4435,  Second  Floor 
Edgewood  Area-APG,  MD  21010 

1  RGB  Associates,  Inc 

ATTN:  R.  Barakat 
Box  B 

Wayland,  MA  01778 

1  Rockwell  International 

ATTN:  Dr.  B.  Tran 
PO  Box  92038 
Department  113/GBOl 
Los  Angeles,  CA  90009 
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Rockwell  International  Corp 
ATTN;  K.  Rathjen,  Vice  Pres. 
3370  Miraloma  Avenue  {031-HA01) 
Anaheim,  CA  92803-3105 

Rome  Air  Development  Center 
ATTN:  RADC/IRRE,  P.  Costianes 
Griffis  Air  Force  Base,  NY 
13441-5700 

Rome  Air  Development  Center 
RADC/OCTM 

ATTN:  E.  Starczewski,  Bldg  106 
Griffis  Air  Force  Base,  NY 
13441-5700 

S-Cubed 

ATTN:  M.  Lancaster 

1800  Diagonal  Road,  Suite  420 

Alexandria,  VA  22314 

Sachs/Freeman  Associates,  Inc. 
ATTN:  D.  Lynch,  Senior  Research 
Physicist 

205  Yoakum  Parkway,  #511 
Alexandria,  VA  22304 

SAIC 

ATTN:  Dr.  A.  Toepfer 
21090  Air  Park  Drive,  SE 
Albuquerque,  NM  87106 

SAIC 

ATTN:  J.  McNeilly,  Senior 
Scientist 

1710  Goodridge  Drive 
McLean,  VA  22102 

SAIC 

ATTN:  T.  Keller,  R.  Turner 
Suite  220 

1010  Woodman  Dirve 
Dayton,  OH  45432 


1  SAIC 

ATTN:  D.  Garfinkle 
Malibu  Canyon  Business  Park 
26679  W.  Agoura  Road,  Suite  200 
Calabasas,  CA  91302 

1  Sidwell-Ross  and  Associates, 

Inc. 

ATTN:  LTG  M.  Ross,  USA  Ret. 

Executive  Vice-Pres. 

PO  Box  88531 
Atlanta,  GA  30338 

1  Sigma  Research,  Inc. 

ATTN:  Dr.  R.  Bossi 
4014  Hampton  Way 
Kent,  WA  98032 

1  Simula,  Inc. 

ATTN:  J.  Coltman 
10016  South  51st  Street 
Phoenix,  AZ  85044 

1  Sim  Tech 

ATTN:  D.r  A.  Saylor 
3307  Bob  Wal 1  ace  Ave. , 

Suite  4 

Huntsville,  AL  35807 

1  Alan  Smolen  and  Assoc.  Inc. 

ATTN:  A.  Smolen,  Pres. 

One  Cynthia  Court 

Palm  Coast,  FL  32027-8172 

3  Southwest  Research  Institute 

ATTN:  M.  Goland,  A.  Wenzel, 

P.  Zabel 

6220  Culebra  Road 
San  Antonio,  TX  78238 

3  Sparta,  Inc. 

ATTN:  D.  McKinley,  R.  O'Connor 
K.  Rooney 

4901  Corporate  Drive 
Huntsville,  AL  35805-6201 
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1  SRI  International 
ATTN:  D.  Curran 

333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

2  Star  Laboratory,  Stanford 

University 

ATTN:  Dr.  J.  Vesecky, 

Dr.  J.  Goodman 
Electrical  Engineering  Dept. 
233  Durand  Building 
Stanford,  CA  94305-4055 

3  Structural  Dynamics  Research 

Corporation  (SDRC) 

ATTN:  R.  Ard,  W.  McClelland, 
J.  Osborn 

2000  Eastman  Drive 
Milford,  OP  45150 

1  Syracuse  Research  Group 

ATTN:  Dr.  Chung-Chi  Cha 
Merrill  Lane 
Syracuse,  NY  12310 

1  System  Planning  Corporation 

ATTN:  Ann  Hafer 
1500  Wilson  Blvd 
Arlington,  VA  22209 

1  S-Cubed 

ATTN:  R.  Sedgwick 
PO  Box  1620 

La  Jolla,  CA  92038-1620 

2  TASC 

ATTN:  C.  Clucus,  D.  James 

970  Mar-Wait  Drive 

Fort  Walton  Beach,  FL  32548 

1  TASC 

ATTN:  H.  Nimon,  Jr. 

1700  N.  Moore  St,  Suite  1220 
Arlington,  VA  22209 


No.  of 
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GIST 


SUBJECT: 

The  J)egrdded  States  Weapons  Analysis  Research  Simulation  (DSWARS):  An 
Investigation  of  the  Degraded  States  Vulnerability  Methodology  in  a  Combat 
Simul ation 

REASON  FOR  PERFORMING  THIS  EFFORT: 

To  determine  if  Degraded  States  vulnerability  metrics  can  be  implemented  in  a 
combat  simulation  model,  and  detennine  differences  from  using  SDAL  metrics. 

MAIN  OBJECTIVES  OF  THE  EFFORT: 

Develop  a  ground  combat  simulation  to  implement  the  Ballistic  Research 
Laboratory's  new  Degraded  States  v ul nerabil i ty  methodol ogy ,  and  conduct  study 
comparing  force  level  results  using  SDAL  vulnerability  metrics  versus  Degraded 
States  vul nerabil ity  metrics. 

SCOPE  OF  THE  EFFORT: 

Modern  tanks  firing  main  gun. 

IMPACT  OF  THE  EFFORT: 

a.  For  tank-versus- tank  cases,  these  results  suggest  that,  historically,  the 
past  use  of  SDAL  vulnerability  metrics  as  though  they  were  complete  loss  of 
function  in  force-level  models  has  given  numerically  acceptable  results. 

b.  For  tan k- versus- tank  cases,  results  indicate  that  DS-Aggregated 

probab i 1 i t i es  can  be  used  as  an  alternative  to,  or  mixed  and  matched  with, SDAL  metrics. 

c.  AMSAA  sees  no  need  for  changing  higher  resolution  force  effectiveness 
models  at  this  time. 

CONTRACTED  ADVISORY  AND  ASSISTANCE  SERVICES: 

None . 

SPONSOR: 

Model  sponsor  is  U.S.  Army  Materiel  Systems  Analysis  Activity 
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